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Fig. 1 shows the geometry for the NASA Scanning Radar

Altimeter (SRA). It transmits a 8-ns duration pulse at Ka-band

(8.3 ram) and measures time of flight as it scans a 1° (two-way)

beam from left to right across the aircraft ground track. The

most re_2ent configuration determines the surface elevation at

6..I. points spacM at uniform angular intervals of about 0.7'

variation. But during the 1998 hurricane season the SRA was

installed on one of the NOAA P-3 hurricane hunter aircraft.

The NOAA minimum height for the hurricane flights was 1500

m, significantly higher than the SRA had previously flown.

And the flight patterns were such that the waves were generally

propagating across the aircraft ground track rather that along it.

across a swath whose width is about 0.8 times the aircraft T_e largest waves wer¢ generally obsctwed near the edge of the

altttude. The system generates these raster lines of the surface - swath during the hurricanue flights.

topography beneath the aircraft at about a 10 Hz rate. In post-

flight processing the SRA wave topographic data _e

transformed with a two.-dimensit_nal FFT and Dopple-r-

corrected to produce directional wave spectra f I, 21.

The SRA is not absolutely caJibrated in power, but by

measuring the relative fall-off of backscatter with increaxing

incidence angle, the SRA can also determine the mean square

slope (rnas) of the sea surface, a surrogate for wind speed [3].

For the slol:m-dependent specular point model of radar sea

surface scattering [4, 5, 6], an expression approximated by a

geomeme optics form, for the relative variation with incidence

angle of the normalized backscatter radar cross section would

be

O_,,.i = Se_::4 0 exp ( - tan: 0 / ross ) it)

where 0 is the off-nadir incidence angle

If the logarithm or the range-corrected hackscattered power

is plotted against tan 1 0, the resulting curve_ approximate

straight lines whose slope is inversely proportiond to ross. But

when a straight line is fitted through actual data, the resulting

value of rrtss is dependent On tile span of itlcidence angles used

[3]. This problem can be eliminated by fitting a quadratic to the

data. The ratio of the hnear to the quadratic coeffictent is

found to be determined by the rrt,;s, so a general model for

relating ross to the non-Gaussian variation of backscattered

power with incidence angle can be determined. This nx>del was

u_ed to determine the distortions expected in the SRA

measurements of sea surface tolmgraphy to be used in the

computation of directional wave spectra.

The SRA had traditionally flown either upwave or downwave

to acquire topographic data in the direction of most rapid

A 3-dimensional simulation wa.s carried out and it was

determined that. even with a beamwidth as small as l*, wave tilt

modulation of the radar cross section within the antenna

footprint cart cause a significant, _ystematic increase in the

apparent m_gnhude of wave components in the cross-track

direction. The higher the altitude and the shorter the

wavelength, the larger the effect.

Fig. 2 shows the geometry for a 1500 m aircraft height and

ocean waves of 50 m length and 1.25 rn height. The two top

panels indicate the SRA 8-ns pulse appruaching the sea sttrl'a_:e
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NASA Scanning Radar Altimeter (SR,\) geometry.
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with the two-way halF-power antenna beamwidth indicated by

the dashed lines and the O. ! power beamwith indicated by the
dotted lines. The :Jolid line indical_ the boresight, with a wave
crest at the bore,sight in the top panel and a wave trough in the

I I second panel. Spatial filtering by the antenna tuotprint would

: I 1 be expected for waves this short.
t In the bottom two panels of Fig. 2. the boresight incidence

• :_ angle is 22° off-nadir, the nominal edge of the SRA swath. In
.... ' ' " this instance the simulation indicated that the measured wave0

-- height would actually be enhanced. The wavc.x shown are

_I: 40 _ I I t i propagating in the cross-track direction, and when the antenna
boresight is at a crest (third panel), the near side of the crest

t i back.scatters more power because the incidence angle is smaller

I I than for the far side of the crest. The centroid of the
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Fig. 2. SRA 8-ns pulse approaching _ea surface from 1500 m

height at nadir (top two panels') and 22* off-nadir (bottom two

panels) for waves of 50 m wavelength and 1.25 m height

prapagating i,x the cross-track direction.
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Fig. 3. Sea surface elevation me'.,_ured by the SRA at nadir (.)
and 4_(+), 8_(x), 12"(o). and 16'(*) off-nadir, normalized by the

peak of the actual surface elevation for waves of 50 m length
and !.25 m height propagating in either the along-track
directinn (azimuth = 90". top panel) or the cross-track direction

(azimuth -- 0". bottom panel) for various phase angles of the
wave train at the SRA antenna boresight. The "assumed sea
surface height variation is indicated by the solid sinusotdai _[[!
curve, which has been normalized by its 0 625 m anapl_tudc) .......



1(

'0.5

0

1(

0.5

"1-

_o o
ILl

tu 1.5
>

1.5

0.5

az=90

----o o o o o o o' o--O o o O
× x x x × x x x x x x x
4- + + + + + 4- + + + + +

I I _1 1 ,1

az = 60

_ L I _ .. I I

+ +
4- 1.¢., x

4- x"

az=30 • _,._ .x,."

X X

•

I | .-J.---_

az:0 • hh

/

___ |

+4-
+

o o o
o

0 I I I . 1, I

0 5 10 15 20 25

OFF-NADIR INCIDENCE ANGLE

Fig. 4. Wave height measured by the SRA, normalized by the
actual wave height, for various propagation directions of the

wave train from along-track (azimuth = 90°, top panel) to cross-
track (azimuth : 0", bottom panel) for ocean wavelengths of 50

m (dashed), 75 m (+). 100 m (x), 20) m (oJ, ,and 400 m () for
various incidence angles of the SRA antenna boresight

backscattered power is biased to sho_ter range. The short range

is ascribed to the boresight angle and the resulting calculated

crest position is higher. The reverse occurs at wave troughs
('Fig. 2, bottom), where'the erroneously larger range, ascribed

to the antenna boresight, makes the trough appear deeper.

Fig. 3 summarizes wave topography distortions for various
phase angles of the ocean waves at the antenna boresight and
various off-nadir angles for 50-m waves propagating in the

along-track (top panel) and cro,_s-track (Ix_ttom panel)
directions. An ross of 0.08 was assumed, corresponding to _25
m/s wind speed, The situation worsens al lower wind speed.

Fig. 4 summarizes (for ross = 0.08) the variation of the ratio
of meaxured to actual wave height for various ocean wave

lengths and azimuth propaga6on directions relative to the cross-

track plaale of incidence, All wave lengths are assumed to be

40 times the respective wave heights, for constant wave
steepness approximately corresponding to full development.

At nadir, waves propagating in all directions have amplitudes
reduced by the same amount. The reduction is over 60% for 50

m wavelength and negligible for 400 m wavelength.

For waves propagating in the cross-track direction, shorter
waves are significantly enhanced at the edge of the swath. In

general, the off-nadir incidence angle for the transition between

wave amplitude reduction and enhancement depends on both
the wavelength and the azimuthal direction of propagation.

Because the SRA simultanexmsly measures the backscattered

power variation when it mea._ure,_ the wave topography, these
distortions can be correcled in the directional wave spectra.
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